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(37) ABSTRACT

A new tensioner 1s disclosed that achieves asymmetric damp-
ing 1n part by using a moveable ramp plate. The moveable
ramp plate 1s 1n Irictional contact with the arm provides
asymmetric frictional damping for the tensioner arm when
the arm experiences wind-up and begins to move away from
the belt. The ramp plate 1s rotatably associated with the move-
ment ol the tensioner arm through a spring. The tensioner arm
may pivot in two directions. As the tensioner arm pivots 1n a
direction toward the belt the ramp plate 1s urged such that
friction between the ramp plate and tensioner are minimized.
When the tensioner arm pivots in the opposite direction, as
potentially typified by wind-up, the ramp plate 1s urged such
that friction between the ramp plate and tensioner 1s increased
thereby minimizing wind-up of the tensioner arm.

22 Claims, 4 Drawing Sheets
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ONE-WAY CLUTCHED DAMPER FOR
AUTOMATIC BELT TENSIONER

TECHNICAL FIELD

The present mvention relates generally to tensioners and
more particularly to an asymmetrically damped tensioner
utilizing a ramp plate clutch operatively engaged with the
tensioner arm.

BACKGROUND

It1s common for a belt tensioner to have ameans to dampen
movement of the tensioner arm caused by belt tension fluc-
tuation. The required magnitude of this damping depends on
many drive factors including geometry, accessory loads,
accessory 1nertia, engine duty cycle and others. For instance,
drive systems that have higher torsional input or certain tran-
sient dynamic conditions may require higher damping to
suificiently control tensioner movement. Although higher
damping 1s very effective at controlling arm movement, it can
also be detrimental to other critical tensioner functions (e.g.
slow or no response to slack belt conditions). In addition,
variation or change in damping that occur as a result of
manufacturing variation, operating temperature and compo-
nent break-in or wear can also cause the tensioner to be
unresponsive.

Timing belt systems have benefited from the use of asym-
metric damping to address this problem. An asymmetrically
damped tensioner provides damping when additional belt
tension 1s encountered but 1s free to respond to slack belt
conditions. Although asymmetric functionality may not be
required for all other front end accessory drive tensioners, the
potential for increased service life, solving other transient
dynamic system problems including belt slip during a 1-2
gear shift, or simply making the tensioner less sensitive to
damping variation make it a desirable design option.

One current solution to this problem uses a viscous linear
damper mechamsm, such as a shock absorber, attached to a
pvoting arm. Asymmetric damping 1s achieved through, for
example, check valves and different orifice sizes 1n the shock
absorber. This solution, however, tends to be expensive and
requires more packaging space than a conventional tensioner.
Other solutions use wedges that increase damper friction
during wind-up or spring loaded seli-energizing brake shoe
clements. These designs, however, tend to complex with
many small parts to assemble.

One-way clutch mechamisms have been proposed, for
example 1n U.S. Pat. Nos. 4,583,962 and 6,422,962, for tim-
ing belt tensioners for the purpose of preventing or limiting
back travel to prevent tooth jump. These “ratcheting” tension-
ers, however, lack the ability to relieve belt tension suili-
ciently when not required. Other timing belt tensioner pro-
posals including, for example, U.S. Pat. Nos. 4,832,665 and
6,373,588, use a one-way device coupled to a viscous damper.
Although these devices offer good functionality, retention of
the viscous fluid throughout the service life can be difficult.
Yet another design disclosed 1n U.S. Patent App. Publication
2003/0008°739 uses iriction generated by the clamping action
ol a wrap spring clutch to provide damping.

The aforementioned tensioner designs are not ideal.
Accordingly, a new tensioner design 1s desired.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 15 an exploded perspective view of a new tensioner
assembly according to one embodiment.
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FIG. 2 1s a cut away perspective view of a ramp plate
according to one embodiment.

FIG. 3 1s a rear, cut away, perspective view of the ramp
plate 1n FIG. 2.

FIG. 4 1s a schematic depicting the interface between a
tensioner base and a ramp structure according to one embodi-
ment.

FIG. 5 1s an exploded perspective view of a new tensioner
assembly according to a second embodiment.

FIG. 6 1s a cut away view ol a new tensioner assembly
according to a second embodiment.

DETAILED DESCRIPTION

The new tensioner disclosed herein provides an asymmet-
ric frictional damper that will activate during a wind-up (1.¢.
untensioning) to mitigate the deleterious effects of wind-up.
Wind-up results when increasing belt tension causes the belt
to lift the tensioner arm 1n a direction away from the belt. To
mitigate the negative effects of wind up, 1t 1s desirable to have
a Irictional damper on the tensioner arm that will resist the
lifting of the tensioner arm from the belt without adversely
cifecting movement of the tensioner arm toward the belt. This
kind of frictional damping operating to resist lifting of the
tensioner arm only 1s generally known as asymmetric damp-
ng.

The new tensioner disclosed herein achieves asymmetric
damping 1n part by using a moveable brake element, which
may be referred to herein as a ramp plate. The ramp plate may
be comprised of multiple ramp plates that interface with each
other, or a single ramp plate that interfaces with fixed ele-
ments of the tensioner. The moveable ramp plate provides
one-way or asymmetric frictional damping for the tensioner
arm when the arm begins to move away from the belt in order
to oppose the movement away from the belt. The moveable
ramp plate enables the device to apply progressively more
frictional damping to counteract the lifting of the tensioner
arm from the belt the further the tensioner arm 1s lifted. The
ability to progressively increase Irictional damping relative to
displacement of the tensioner arm enables the device to pro-
vide greater Irictional damping 1n response to greater dis-
placements of the tensioner arm away from the belt. This
creates a feedback loop to combat the deleterious effects of
wind-up; the more the tensioner arm 1s driven away from the
tensioned belt, the more frictional damping 1s applied to stop
the wind-up. The asymmetric damping may be tailored such
that 1t will not restrict all movement 1n the wind-up direction
thereby providing additional compliance that 1s advantageous
for some applications. Since the damping 1s asymmetric 1n
nature by design, as the tensioner returns to normal opera-
tion—whereby the tensioner arm returns back to a tensioning
contact with the belt—the amount of frictional damping
applied to the motion of the device in the tensioning direction
1s less than that applied to combat wind-up.

Referring now to the embodiment shown 1n FIG. 1, the
tensioner 10 includes an arm 1. The arm 1 1s connected with
tensioner base 4 and 1s able to rotate around a pivot axis 11.
The arm 1 1s biased by a torsional spring 2. The distal end of
the arm 1, opposite the pivot axis 11, 1s where the pulley (not
shown) would contact the belt to be tensioned (also not
shown). The tensioner 10 1s designed to provide a force on the
pulley (not shown) mounted on the distal end of the arm 1
through the generation of a torsional force around the pivot
axis 11 1n the direction A by the torsion spring 2. Wind-up of
the tensioner in the opposite direction B 1s combated by bias
of the torsional spring 2 augmented by the asymmetric fric-
tional damping mechanism. The asymmetric frictional damp-
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ing does not substantially impede movement of the arm 1 1n
direction A while substantially limiting movement of the arm
1 1n direction B through the application of progressively
greater frictional damping as the tensioner arm 1 1s further
displaced.

In the embodiment shown 1n FIG. 1, the tensioner base 4,
provides the means for aflixing the tensioner to the engine or
device. The methods of aflixing the tensioner base to the
engine or device are not detailed 1n the drawing, however
multiple methods are well known 1n the art including, but not
limited to the use of welds, bolts, screws, and locking struc-
tures. Alternatively, the tensioner maybe mounted to the
engine or device on the opposite side of the tensioner arm
from the tensioner base using an axle passing through the
tensioner along the pivot axis. Regardless of the method of
mounting the device to the engine or device, the approaches
taken to create the asymmetric forces to combat wind-up are
substantially unchanged.

The tensioner base 4 1n the embodiment shown 1n FIG. 1
includes both a tensioner axle 12 and ramp features 6. The
tensioner axle 12 1s substantially coaxial with the pivot axis
11. The tensioner axle 12 provides a bearing surface that
enables both rotational and translational movement of com-
ponents in the tensioner 10. The rotational axis of tensioner 10
components 1s substantially coaxial with the pivot axis 11.
The translational motion of tensioner 10 components 1s sub-
stantially parallel to and along to the pivot axis 11. The
tensioner base 4 also has a series of base ramp features 6
formed on its interior surface facing the tensioner arm. In the
embodiment shown 1n FIG. 1 these base ramp features 6 are
substantially arrayed circumierentially around the tensioner
axle 12. The base ramp features 6 are substantially fixed or
immoveable 1n the both the rotational and axial directions.

The tensioner base 4 depicted in FIG. 1 also has an external
housing with a sealing ring. The external housing with sealing,
ring provides protection for the internal mechanisms of the
tensioner and enables the internal mechanisms of the ten-
sioner to be sealed against debris and to enable the tensioner
as a whole to retain lubricants. There are many methods of
sealing the internal mechanism of the tensioner known to
those skilled 1n the art, 1n this particular embodiment part of
the sealing mechanism 1s integrated into the tensioner base 4.

The tensioner base, including the base ramp features, ten-
sioner axle and other elements can be fabricated as a single
unit or fabricated 1n different components and then joined
together using a variety of methods. In one embodiment, the
a second ramp plate can be formed with the ramp features 6
and that second ramp plate may then be integrated with the
tensioner base 4 to form a tensioner base 4 with ramp features
6. The entire unit may be fabricated as a single unit using a
variety of techniques including forging, casting, die-casting,
sintering, machining and other common fabrication methods.
Alternatively components of the design can be fabricated as
different components and then integrated into a single com-
posite unit using techmques such as sintering, welding, bond-
ing, bolting, and even 1nterterence fits. A example of such a
design would be fabricating the ramp elements as a separate
component which 1s then integrated into a tensioner base
component 1 a receptacle designed for the ramp element
component. By fabricating the individual elements as sepa-
rate components 1t may be easier to provide specific surface or
heat treatments or coatings to a component separate from the
entire integrated unit.

Referring to FIGS. 1 and 3, the ramp plate 3 interfaces with
the tensioner base 4 via the ramp features 7 on the ramp plate
3 (FIG. 3) and the fixed mating ramp features 6 on the base 4
(FIG. 1). The ramp plate 3 also has a friction surface 8, shown
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in FIG. 2. Referring again to FIG. 1, the friction surface 8
interfaces with a mating friction surface (not shown) located
on the tensioner arm 1 facing the ramp plate 3. The ramp plate
3 1s both rotatable about and translatable up and down the
prvot axis 11. The ramp plate 3 also possesses a spring
engagement point 5, which 1s sized to accept a tang 13 attach-
ment on the torsion spring 2.

The frictional surfaces on the ramp plate and tensioner arm
can be flat, cup and cone shaped, or ball and socket shaped.
FIG. 2 shows an embodiment of the ramp plate with a cup and
cone type of Iriction surface 8. This list of alternative con-
figurations for the friction surfaces on the ramp plate and
tensioner arm 1s by no means exhaustive and 1s merely pro-
vided as a non-exhaustive set of examples of alternative struc-
tures that might be selected by those of ordinary skill in the
art.

The torsion spring 2 shown 1n FIG. 1, has two attachment
tangs 13 and 14. The attachment tangs interface with the ramp
plate 3 atthe spring engagement point 5 and the tensioner arm
1 (spring engagement point not shown) respectively. The
torsion spring 2 provides a torsional force to both the ten-
sioner arm 1 and the ramp plate 3. In the case of the tensioner
arm 1, the torsional force or torque generated by the torsional
spring 2 urges the tensioner arm 1 into the belt being ten-
sioned 1 order to tension the belt during normal operations.
On the opposite end of the torsion spring 2, the opposing
torsional force or reaction force, or torque generated by the
torsional spring 2 urges the ramp plate 3 to rotate in the
opposite direction from the tensioner arm 1. The urge
imposed on the ramp plate 3 causes the ramp plate 3 to move
up the ramp features 6 and 7 until an equilibrium state 1s
reached. The torque generated by the torsional spring, may in
some embodiments, be supplemented with another spring
that 1s not attached to the ramp plate and only provides an urge
to the tensioner arm 1 directly.

During normal operation (tensioning of the belt without
wind-up) of the embodiment depicted 1n FIG. 1, the ramp
plate 3 1s urged up the ramp features 6 and 7 by the action of
the torsional spring 2. The motion of the ramp plate 3 up the
ramp features 1s inhibited by the contact of the ramp plate
friction surface 8 with the mating iriction surface on the
tensioner arm 1 (not shown) and to a lesser extent by the
friction of the ramp features themselves. The normal force
generated by the ramp features 1n normal operation on these
two Irictional surfaces 1s small enough to minimize frictional
damping during normal operation. The normal force gener-
ated does however equilibrate, through the action of the ramp
features, the torsional force generated by the torsion spring 2
during normal operation thereby stopping the movement of
the ramp plate 3 up the ramp features 6 and 7. The magmitude
of tension provided by the tensioner arm 1 against the belt
during normal operation 1s predominantly controlled by the
torsional spring 2 which 1s dictated by the amount of pre-
loading, spring constant, and other well controlled character-
1stics of torsion springs know to those of ordinary skill 1n the
art.

Still referring to the embodiment depicted 1n FIG. 1, during
a wind-up condition (where the tensioner arm 1 1s pushed
away Irom the belt being tensioned) the movement of the
tensioner arm away irom the belt causes the torsional spring
2 to be loaded. The loading of the torsional spring 2 by the
movement of the tensioner arm creates a greater torsional or
reaction force (as dictated primarily by the spring constant (k)
of the spring as well as other spring parameters). The increase
in torsional force generated by the loading of the torsional
spring 2 1s applied to the ramp plate 3 through 1ts attachment
to the torsional spring 2 via the tang 13 and the spring engage-
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ment point 5. The increased torsional force urges the ramp
plate to rotate further up the ramp features 6 and 7 due to the
increased force. The movement of the ramp plate 3 up the
ramp features increases the normal force applied to the fric-
tion surfaces. A schematic detail of the interactions between
one set of ramp features 1s highlighted 1n FIG. 4 where the
contact region 24 1s highlighted. The increase 1n normal force
on the friction surfaces increases the frictional dampening
generated by the interaction between the ramp plate 3 and the
tensioner arm 1, as detailed 1in FIG. 1. Since motion 1n the
wind up direction 1s translated through the torsional spring 2
to the ramp plate 3 and by action of the ramp features 6 and 7
into a normal force applied to the tensioner arm 1, increasing
wind up generates increasing normal force applied to the
frictional surfaces, which then increases frictional damping,
thereby combating the wind-up of the tensioner arm.

Still referring to the operation of the embodiment depicted
in FIG. 1, as the wind-up condition begins to dissipate and the
tensioner arm 1 1s no longer being forced away from the belt,
the arm will be urged 1nto the belt by the torsion spring 2. As
the arm 1s urged back toward 1ts normal operating condition,
the ramp plate 3 will fall back down the ramp features 6 and
7 due to the reduced torsional force applied to the ram plate by
the torsional spring 2. As the ramp plate 3 backs down the
ramp features, the amount of normal force applied to the
interface of the iriction surface 8 on the ramp plate to the
frictional surface (not shown) on the tensioner arm 1 1is
reduced. The reduction 1n the normal force applied to these
trictional surfaces thus reduces the effective frictional damp-
ing operating on the tensioner 10 and achieves the desired
asymmetric damping.

It 1s apparent that the operation of the device and the rate or
profile of asymmetric damping generated can be modulated
by controlling several features of the embodiment shown in
FIG. 1 using techniques known to those of ordinary skill in the
art. Specific elements that may be changed to modulate the
performance characteristics of the damper include, but are not
limited to the following. The frictional surface 5 on the ramp
plate 3 and 1ts mating frictional surface (not shown) on the
tensioner arm 1 can be modulated to vary the amount of
frictional force generated due to application of a specific
normal force. The normal force applied to the Irictional sur-
faces can be modulated by changing the characteristics of the
ramp features 6 and 7 and the torsional spring 2. The ramp
features can have a variety of different profiles and shapes
(see detailed description below) 1n order to modity the opera-
tion of the device and translate the rotational movement of the
ramp plate 3 into an axial movement of the ramp plate 3 1nto
the tensioner arm 1, to generate the normal force on the
friction surfaces which then generates the asymmetric damp-
ing during a wind-up condition. The spring constant of the
torsional spring 2 1s controlled 1n order to create the rotational
urge experienced by the ramp plate during both normal opera-
tion and during the wind-up condition. All of these elements
can be tailored by a designer of ordimary skill to achieve
specific tension during normal operations and thereby create
a specific asymmetric damping profile when the tensioner
experiences a wind-up condition.

The ramp plate with 1ts various elements may be fabricated
as either a single unit or fabricated as multiple components
and then joined together into a single complete or composite
unit using a variety of methods. For example, the entire com-
ponent may be fabricated as a single unit using a variety of
techniques including, but not limited to, forging, casting,
die-casting, sintering, machining, and other common fabri-
cation methods. Alternatively parts of the ramp plate can be
tabricated as different components and then integrated 1nto a
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single composite unit using techniques such as sintering,
welding, bonding, bolting, and interference fits. In one
example of a multi-unit fabrication, the ramp plate may be
fabricated 1n three distinct elements that are then integrated
into the ramp plate. The ramp plate could have a base struc-
tural unit which provides the primary bearing surface for the
ramp plate to translate up and down and around the p1vot axis
and also provide a physical structure for integrating the other
units of the ramp plate. The other two elements, the ramp
teatures and frictional surface can then be fabricated as sepa-
rate units and integrated into the base structural unit. The
fabrication of the ramp features and the frictional surface as
separate elements provides the designer with greater freedom
to select different materials, heat or surface treatments, and
coatings to provide a few examples which can be adopted to
modulate the operation of the device. Regardless of fabrica-
tion methods selected, the operation of the ramp plate remains
constant.

The tensioner arm 1, 1n FIG. 1, 1s also shown 1n this par-
ticular embodiment with a bushing 15. The bushing 15 1s a
substantially cylindrical structure that is mnserted into a pas-
sage through the tensioner arm 1 that 1s substantially aligned
with the pivot axis 11. The bushing 15 provides a bearing
surface for the rotation and translation of elements of the
tensioner 10 along and about the pivot axis 11.

The end nut 9, shown 1in FIG. 1, holds the tensioner 10
assembly together along the pivot axis.

Referring again to FIG. 1, the ramp features 6 and 7 are
arranged 1n a substantially circular array around the pivot axis
11 on both the ramp plate 3 and the tensioner base 4 respec-
tively. The ramp features 6 and 7 are designed to be 1n contact
during normal operation of the tensioner 10. The ramp fea-
tures depicted in FIG. 3 show a substantially symmetric pat-
tern whereby each discrete repeating ramp element has sub-
stantially the same pattern up and down. The ramp features
may vary in the radial direction from the pivot axis 1n order to
maintain a constant interface with the mating surface and
modulate specific properties of the damper during operation.
Although the ramp features 7 on the ramp plate 3 show a
symmetrical repeating pattern, the ramp features can have a
unique or alternatively an asymmetric pattern to achieve spe-
cific operational characteristics.

A schematic detail view of mating ramp features 1s pro-
vided i FIG. 4. The general structure of an arbitrary section
of ramp features on both the ramp plate and tensioner base can
be broken into four repeating elements. These elements are
lower dwell 20, ramp up 22, upper dwell 21, and ramp down
23. Upper and lower arecas are defined from the interface
surface of the part, 1.e. from the respective surfaces of the
ramp plate and the tensioner base where they interface with
cach other. Although the profile section shown in FIG. 4
details a set of straight-line features, two 1mportant points
must be recognized. First in the radial direction away from the
axis of rotation of the device, the actual ramp profiles may
vary significantly along this reference line 1n order to mini-
mize relative slipping, reduce friction, provide balanced load-
ing, and achieve other objectives. An example of one embodi-
ment of this approach can be seen in the 1sometric profile
shown 1n FIG. 3 where the same lower dwell 20, ramp up 22,
upper dwell 21, and ramp down 23 surface features are
depicted. Second, although the profiles shown 1n FIG. 4 are
straight lines, the device can use any number of alternative
profiles for the ramps including multi-faceted or curvilinear
forms. For example, the upper and lower dwells 21 and 20
respectively could be merely fillets or radius connecting the
upward and downward ramps, similar to the embodiment
shown 1n FIG. 3. Alternatively the dwells and ramps could be
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constructed 1n such a way as to provide a detent or delay 1n
switching between normal operation and the asymmetric
damping needed during a wind-up situation. The shape of the
ramp features (up and down and dwells) may be selected from
a wide variety of profiles with a wide range of rectilinear and
curvilinear shapes. The ramp features maybe repeated at any
arbitrary interval over the length of the ramp feature or be
unique with no repeating pattern whatsoever. Although the
embodiment depicted here has a symmetric repeating profile,
where each edge of a specific ramp feature has equivalent
features on each side, 1t 1s also possible to use an asymmetric
profile. The asymmetric profile can at the extreme resemble a
saw-tooth configuration, where the areas of the ramp features
not in contact are typified by a sharp drop rather then a gradual
ramp down.

The number of ramp plate features, as defined as a single
unit may be selected from a wide range of possible alternative
arrangements. Preferably the number of ramp feature units 1s
equal to or more than 4. More preferably the number of ramp
features 1s equal to or more than 6. Most preferably the
number of ramp features 1s equal to or greater than 8.

Referring again to FIG. 4, during normal operation, the
corresponding ramp up 22 and ramp down 23 on opposing
surfaces will normally be in contact. The rotational urge
applied to the rotatable ramp plate will cause these two sur-
faces to be 1n contact. The angle of the ramp features oif the
perpendicular of the face of plates causes the ramp plate to
also translate or slide along the pivot axis and provides a
normal force to the friction surfaces of the ramp plate and the
tensioner arm as described above. This normal force causes a
level of frictional damping during normal operation that does
not significantly impair the performance of this embodiment.
During a wind-up condition, the movement of the tensioner
arm away Ifrom the tensioned belt causes an additional tor-
sional urge to be applied to the ramp plate. This additional
torsional urge coupled with the angle of ramp features causes
the ramp plate to move or translate up the ramp features. The
upward movement of the ramp plate up the ramp features,
imparts a greater normal force to the frictional damping sur-
faces on the interface between the ramp plate and the ten-
sioner arm. The increased normal force, imparts greater fric-
tional damping to the tensioner arm to resist the wind-up
motion.

The tensioner may be designed such that a customized
relationship between specific levels of wind-up result 1n the
generation ol specific levels of irictional damping 1n
response. The designer may select parameters 1in the design of
a specific embodiment to create a desired profile or relation-
ship between specific movement of the tensioner arm and
specific levels of frictional damping which are applied. One
of the elements controlled by the designer 1s the spring which
couples a movement of the tensioner arm with the ramp plate.
The selection of spring parameters, including spring constant
(k), pre-loading, and others provide the first set of parameters
available to the designer. A second set of parameters available
to the designer for controlling the asymmetric damping pro-
file of the device 1s the profile, size, number, structure, and
relative triction of the ramp features. The relative sliding of
the ramp features over each other 1s directly responsible for
translating or directing the rotational urge applied to the ramp
plate into a normal force that 1s applied to the friction contact
between the ramp plate and the tensioner arm thereby modu-
lating the level of frictional damping in the tensioner. Another
set ol parameters available for the designer 1n developing a
specific profile or trajectory of damping 1s through the control
of the frictional properties of the interface between the ramp
plate friction surface and the friction surface on the tensioner

10

15

20

25

30

35

40

45

50

55

60

65

8

arm. There are a number of different methods for adjusting
the friction properties of surfaces including specific surface
treatments and finishes, structures, and even material selec-
tion. By modifying the friction properties of these surfaces,
the designer has yet another tool available for manipulating
the profile of frictional damping generated by the tensioner in
response to movement of the tensioner arm. All of these
different elements, and other elements 1n a specific embodi-
ment of the tensioner are available for modification by those
of ordinary skill in the art such that they might tailor a specific
embodiment of the invention to have a desired asymmetric
damping profile or relative asymmetric damping generated
versus tensioner arm position thus providing a relationship
between the level of damping generated verses the wind-up
level of the device.

The ramp plate features may be coated or otherwise treated
in order to mimimize the ramp feature to ramp feature inter-
face Iriction. Specific methods of achieving this goal can
include coating the surface with a number of different mate-
rials 1including metallic, ceramic, and or plastic materials,
including, but not limited to brass, aluminum, o1l 1mpreg-
nated bronze, silicon nmitride, Teflon® (polytetratluoroethyl-
ene—PTFE), ultra high molecular weight polyethelyne (UH-
MWP), or high density polyethylene. These materials may
either form the entire ramp feature as one unit or be applied to
a substrate or structural materials in order to achieve specific
load bearing and friction characteristics.

Another embodiment of the tensioner would have the ramp
plate not be in contact with the tensioner arm during normal
operation. The torsional spring could be selected to provide
suificient axial force to maintain separation of the ramp plate
from the tensioner arm during normal operation. However,
the operation of the device would remain the same. During a
wind-up condition the movement of the ramp plate up the
faces of the ramp features will overcome the axial force of the
tensioner spring holding the ramp plate away from the ten-
sioner arm and bring the two Irictional surfaces in contact
with a normal force that 1s a function of the amount of wind
up, the design of the ramp features, and the spring constant of
the torsional spring. The operation of this exemplary embodi-
ment of the device would provide asymmetric frictional
dampening for the tensioner to ameliorate the effects of wind-
up on the operation of the tensioner.

FIG. § and 6 depict two views of another embodiment of a
tensioner 10 with asymmetric damping. Referring to FIG. 5,
a tensioner base 4 1s shown, however 1n this embodiment the
tensioner base 4 does not have fixed mating ramp features 6.
The tensioner base 4 has an tensioner axle 12 that provides a
bearing surface that enables both rotational and translational
movement of parts in the tensioner 10. The embodiment of the
tensioner 10 shown in FIG. 5 has a spring (not shown) inside
the base 4 that links the base 4 to the arm 1 and provides the
torsional force to the arm 1 that tensions the belt. A sealing
ring 30 1s provided between the tensioner base 4 and the arm
1. The sealing ring 50 seals the internal components of the
tensioner 10 from the environment as well as preventing the
escape of fluid from within the tensioner 10. The tensioner
arm 1 has a cup 54. The cup 54 1s adapted to accept a firstramp
plate 51 and a second ramp plate 52 and allow them to rotate
freely within the cup 54 and about the axle 12.

The embodiment of the tensioner 10 shown i FIG. S has a
pair of moveable ramp plates to create a friction brake for the
tensioner comprising, a first ramp plate 51 and a second ramp
plate 52. The first ramp plate 51 has ramp features 7. The
opposite of the first ramp plate 51, see FIG. 6, has a friction
surface 68 that forms a friction interface with the inside of the
cup 54. The friction surface 68 and the cup 54 can adopt a
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number of different forms including flat, as shown, cup and
cone shaped, or ball and socket shaped. The friction interface
between the friction surface 68 and the cup 54 rotatably links
the movement of the first ramp plate 51 to the rotation of the
tensioner arm 1 such that the a movement of the arm 1 urges
the first ramp plate 51 to rotate 1n the same direction.

The second ramp plate 52, has mating ramp features 6, see
FIG. 6. The ramp features 7 engage with the mating ramp
teatures 6 when the second ramp plate 52 1s assembled in the
tensioner 10 with the first ramp plate 51. The opposite face of
the second ramp plate 52 has a second friction surface 33 that
interfaces with a cap friction surface 60 located on the end cap
53. As previously discussed, the friction surface 1s formed 1n
using a selection of alternative fabrication techniques to
achieve the desired friction interface characteristics. The end
cap 33 1s fixed to the axle 12 such that 1t does not substantially
translate nor rotate along or about the pivot axis 11. The
friction interface between the second friction surface 55 and
the cap friction surface 60 uses frictional forces to prevent the
rotation of the second ramp plate 52.

A ramp torsion spring 36 connects the first ramp plate 51 to
the second ramp plate 52 and provides a rotational urge to
cach of the ramp plates. The rotational urge urges the ramp
teatures 6 and the mating ramp features 7 to slide down each
other to reduce the overall distance between the first ramp
plate 51 and the second ramp plate 52. This movement due to
the ramp torsion spring 56 reduces the normal force applied to
the friction interface between the first ramp plate 51 and the
tensioner arm 1, and the {riction interface between the second
ramp plate 52 and the end cap 53. The ramp torsion spring 56
has tangs 13 and 14 that interface with slots (not shown) on
the first ramp plate 51 and the second ramp plate 52 to transier
the torsional forces.

The another embodiment of the tensioner disclosed herein
achieves asymmetric damping by using a pair of moveable
brake elements, or ramp plates. During normal tensioning, the
first ramp plate 51 and the second ramp plate 52 are urged by
the ramp torsion spring 36 such that the ramp features 7 on the
first ramp plate 51 and the mating ramp features 6 on the
second ramp plate are substantially aligned. When the ramp
features 7 and the mating ramp features 6 are substantially
aligned, the distance between the first ramp plate 51 and the
second ramp plate 52 1s minimized. During backlash, the
movement of the tensioner arm 1 1n the direction B urges the
first ramp plate 51 and 1ts corresponding ramp features 7 to
move up the mating ramp features 6 on the second ramp plate
52. The movement of the ramp features 7 up the mating ramp
teatures 7 1s partially dictated by the severity of the wind-up
condition, the configuration of the ramp features 6 and 7, and
the characteristics of the ramp torsion spring 56. A designer
may select the characteristics of the ramp string 56, the profile
and characteristics of the ramp features 6 and 7, and the
friction interfaces between the first ramp plate 51 and the cup
54 and the second ramp plate 52 and the end cap 53 i order
to achieve desired asymmetric damping profiles relative to the
wind-up conditions encountered using techniques as
described above.

The movement of the ramp features 7 up the second ramp
plate features 6 urges the first ramp plate 51 to separate from
the second ramp plate 52. This urge 1s manifest as an increase
in the normal force applied to the frictional interface between
the first ramp plate 51 and the cup 34 as well as the second
ramp plate 52 and the end cap 53. The increase 1n normal
force as these friction interfaces, increases the frictional force
generated at the interfaces. The increasing frictional force
combats windup of the tensioner arm 1, thereby providing the
tensioner 10 with asymmetric damping characteristics.
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In yet another embodiment, the first ramp plate 51 1s
formed 1nto the cup 54 as one contiguous element. Then the
torsion spring 2 would provide 1ts rotational urge directly
from the tensioner arm 1 to the second ramp plate 52. In this
yet another embodiment, the only friction interface 1s formed
between the second Iriction surface 55 and the cap iriction
surface 60. In still another embodiment, the mating ramp
teatures 7 are integrated 1nto the end cap 33 and the frictional
interface between the first ramp plate 51 and the cup 54
provides all of the frictional dampening for the tensioner.

The embodiments of this invention shown in the drawing,
and described above are exemplary of numerous embodi-
ments that may be made within the scope of the appended
claims. It 1s contemplated that numerous other configurations
of the tensioner assemblies may be created taking advantage
of the disclosed approach. In short, 1t 1s the applicant’s inten-
tion that the scope of the patent 1ssuing herefrom will be
limited only by the scope of the appended claims.

What 1s claimed 1s:

1. A tensioner comprising:

a tensioner base defining a pivot axis;
an arm pivotable about the pivot axis;

a first ramp plate that 1s pivotable about the pivot axis and
translatable along the pivot axis, the first ramp plate
comprising:

a friction surface in contact with the arm; and

a ramp surface generally opposite the friction surface,
the ramp surface having a plurality of first ramp fea-
tures protruding therefrom at an angle;

a second ramp plate comprising a mating ramp surface that
has a plurality of second ramp features protruding there-
from at an angle, wherein the second ramp plate 1s posi-
tioned against the first ramp plate with the first ramp
features and the second ramp features in a mating rela-
tionship of oppositely angled protrusions; and

a torsion spring coupled to the first ramp plate, wherein the
torsion spring 1s capable of providing a torsional force to
the first ramp plate to pivot the first ramp plate about the
pivot axis relative to the second ramp plate to urge the
first ramp features to slide along the second ramp fea-
tures which causes translation of the first ramp plate
toward the arm for increased friction between the fric-
tion surface of the firstramp plate and the arm to dampen
movement of the arm.

2. A tensioner as recited 1n claim 1, wherein the torsion
spring couples the first ramp plate to the arm.

3. A tensioner as recited 1in claim 2, wherein the first ramp
plate 1s interposed between the tensioner base and the arm.

4. A tensioner as recited 1n claim 1, wherein the torsion
spring couples the first ramp plate to the second ramp plate.

5. A tensioner as recited 1n claim 4, wherein the second
ramp plate 1s mtegrated with the tensioner base to form a
single part.

6. A tensioner as recited in claim 1, wherein the first ramp
plate 1s mounted about the pivot axis defined by the tensioner
base.

7. A tensioner as recited in claim 1, wherein the second
ramp plate 1s mounted about the pivot axis such that the
second ramp plate may pivot about the pivot axis and translate
along the p1vot axis.

8. A tensioner as recited 1n claim 7, wherein the second
ramp plate has a second friction surface in contact with an end
cap that 1s substantially fixed such that it does not translate
along nor rotate about the p1vot axis.
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9. A tensioner as recited 1in claim 1, wherein the first ramp
teatures and the second ramp features are selected to provide
a desired change 1n frictional damping 1n response to the arm
pivoting.

10. A tensioner as recited 1n claim 1, wherein the first ramp
teatures and the second ramp features are fabricated from a
friction reducing material.

11. A tensioner as recited 1in claim 10, wherein the first
ramp features and the second ramp features and the friction
surface are selected to provide a desired change 1n frictional
damping 1n response to the arm pivoting.

12. A tensioner recited 1n claim 1, wherein the first ramp
features and the second ramp features are in a substantially
circumierential array about the pivot axis.

13. A tensioner as recited 1in claim 1, wherein rotation of the
arm 1n an untensioning direction loads the torsion spring with
increased torsional force that rotates the first ramp plate about
the pivot axis urging the first ramp features to slide along the
second ramp features as the arm rotates in the untensioning
direction.

14. A tensioner as recited in claim 13, wherein as the
increased torsional force dissipates the arm rotates 1n a ten-
sioning direction and the first ramp features slide back along
the second ramp features in the opposite direction which
moves the first ramp plate translationally away from the arm
thereby decreasing the force applied to the friction surface to
dampen movement of the arm.

15. A tensioner comprising:
a tensioner base defining a pivot axis;

an arm mounted on the tensioner base so as to permit the
arm to pivot about the pivot axis;

a {irst ramp plate mounted on the tensioner base so as to
permit the first ramp plate to pivot about the pivot axis
and translate along the pivot axis;
wherein the first ramp plate comprises:

a Iriction surface facing the arm; and

a ramp surface generally opposite the Iriction surface,
the ramp surface having a plurality of first ramp fea-
tures protruding therefrom at an angle; and

a second ramp plate having a mating ramp surface that has

a plurality of second ramp features protruding therefrom
at an angle;
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wherein the first ramp features are in contact with the

second ramp features;

wherein pivoting the first ramp plate 1n a direction that

moves the first ramp features along the second ramp
features causes the first ramp plate to translate relative to
the p1ivot axis for increased Iriction between the friction
surface of the first ramp plate and the arm to provide
asymmetric Ifrictional damping.

16. A tensioner as recited in claim 15, wherein the first
ramp plate 1s interposed between the tensioner base and the
arm.

17. A tensioner as recited in claim 15, wherein the first
ramp plate 1s coupled to the arm for pivoting therewith about
the pivot axis.

18. A tensioner as recited in claim 15, further comprising
an end cap substantially fixed to the pivot axis; wherein the
second ramp plate 1s capable of translation along the pivot
axis and rotation about the pivot axis, and 1s interposed
between the ramp surface of the first ramp plate and the end
cap.

19. A tensioner as recited in claim 18, wherein the rotation
of the second ramp plate 1s linked to the rotation of the first
ramp plate by a ramp plate spring.

20. A tensioner as recited 1n claim 15, further comprising a
torsion spring coupled to the first ramp plate, the torsion
spring capable of providing a torsional force to the first ramp
plate to pivot the first ramp plate about the pivot axis 1n a
direction that moves the first ramp features along the second
ramp features of the second ramp plate.

21. A tensioner as recited 1n claim 20, wherein rotation of
the arm 1n an untensioning direction loads the torsion spring
with increased torsional force, wherein the increased tor-
sional force rotates the first ramp plate about the pivot axis
urging the first ramp features along the second ramp features.

22. A tensioner as recited in claim 21, wherein as the
increased torsional force dissipates the arm rotates 1n a ten-
sioning direction and the first ramp features slide back along
the second ramp features in the opposite direction which
moves the first ramp plate translationally away {from the arm
thereby decreasing the force applied to the friction surface to
dampen movement of the arm.
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